Introduction {#sec1-1}
============

There is worldwide increase in the number of infections caused by methicillin-resistant *Staphylococcus aureus* (MRSA) which ranges from common skin and soft tissue infections (boils, carbuncles, impetigo, cellulitis) wound infections to the more serious manifestations such as ventilator-associated pneumonias, community-acquired (CA) pneumonia, necrotizing pneumonia, necrotizing fasciitis, and sepsis.\[[@ref1]\] It has been reported that MRSA infections occur in approximately 94,000 people each year and are associated with approximately 19,000 deaths in United States. Of these, about 86% are hospital-acquired MRSA and 14% are community-acquired MRSA (CA-MRSA).\[[@ref2]\] MRSA is now endemic in many countries including India.\[[@ref3]\] Clinically, its rapid emergence is posing a big problem because MRSA is not only resistant to all β-lactam antibiotics but they also express resistance to other families of antibiotics which limit the treatment options significantly. Health-care workers (HCWs) and asymptomatically colonized patients are the major sources of MRSA in the hospital environment. They constitute an important source of nosocomial infections and its dissemination both in the hospital and in the community.\[[@ref4]\] The estimates of MRSA carriage in HCWs vary widely depending on the country, hospital specialty, and setting.\[[@ref5]\] At present, there are a few studies on the prevalence of MRSA carriers among HCWs in the absence of an MRSA outbreak among the patients.\[[@ref6]\] In Indian scenario, comprehensive national data on the problem of MRSA colonization are not available.\[[@ref7]\] As there is geographical diversity in the prevalence of MRSA nasal carriage and the presence of MRSA in the hospital environment can alter the clinical outcome of the patients, the present study was undertaken to assess the nasal carriage rate and current antimicrobial profile of MRSA colonizing the HCWs and outpatients of our remotely located tertiary care hospital of Punjab. Furthermore, an attempt was made to study the MIC of vancomycin as a shift in the MIC of vancomycin within the susceptible range among MRSA strains has been reported which is associated with increasing probability of treatment failure.

Materials and Methods {#sec1-2}
=====================

A total of 200 HCWs and consecutive outpatients (200) attending our tertiary care hospital were included in the study after taking their informed written consent and permission from the Institutional Research and Ethics Committee (No. BFUHS/2k12/p-TH590 dated 16/1/2013).

Two sterile premoistened cotton tipped swabs were used to collect specimens from the each anterior nares of HCWs and the patients visiting the various outpatient departments (OPDs) of the hospital for the first time after making sure that they (OPD patients) had no contact with the HCWs and had not visited a hospital during the last 1 year. The swab was rotated five times over the inner wall of ala and nostril septum (up to a depth of 1 cm) from each nostril and were immediately (within 30 min) transferred to microbiology laboratory for inoculation on blood agar with oxacillin (BAO), mannitol salt agar with oxacillin (MSAO), and CHROMagar (HiMeReSa Media, HiMedia, Mumbai) simultaneously.\[[@ref8]\]

All the inoculated plates were incubated at 35°C for 48 h. Colonies suggestive of MRSA on the three selective media were identified by standard techniques.\[[@ref9]\] These were further confirmed as MRSA by studying their resistance to cefoxitin (30 mcg) using cefoxitin disc diffusion test. PCR was carried out on all MRSA strains confirmed by cefoxitin disc diffusion test for the demonstration of mecA gene using forward primer sequence of 5\'-GTA GAA ATG ACT GAA CGT CCG ATA A-3\'and reverse primer sequence of 5\'-CCA ATT CCA CAT TGT TTC GGT CTA A-3\' as described by Geha *et al*.\[[@ref10]\]

Antibiotic sensitivity of the MRSA isolates was performed by Kirby-Bauer disc diffusion method on Mueller Hinton agar using antibiotic discs of erythromycin (15 mcg), gentamicin (10 mcg), netilmicin (30 mcg), co-trimoxazole (25 mcg), ciprofloxacin (5 mcg), clindamycin (2 mcg), linezolid (30 mcg), teicoplanin (30 mcg), and rifampicin (2 mcg) as per CLSI guidelines.\[[@ref11]\] MIC of vancomycin was determined using broth dilution method and automated identification and antimicrobial susceptibility system, Vitek-2 Compact system (Biomerieux, India). *S. aureus* ATCC 29213 was used as a standard strain.

Statistical analysis {#sec2-1}
--------------------

Chi-square test was used for statistical analysis as that *P* ≤ 0.05 means results are statistically significant and if *P* ≥ 0.05 reveals results are statistically insignificant.

Results {#sec1-3}
=======

Of the 200 HCWs included in the study, majority \[89 (44.5%)\] were nurses \[(working in the Intensive Care Unit \[ICU\] 30 (33.7%), surgery 23 (25.8%), orthopedics wards 22 (24.7%), and emergency 14 (15.7%)\] followed by laboratory technicians \[55 (27.5%)\], doctors \[40 (20%)\], and ward attendants \[16 (8%)\]. Maximum (58.5%) of them were in the age group of 21--30 years and seventy percent (140/200) were females \[[Table 1](#T1){ref-type="table"}\].
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Age, sex distribution and MRSA positivity of Health care workers

![](JLP-9-317-g001)

The nasal carriage rate of MRSA among HCWs was found to be 7.5% (15/200). Of these 15 MRSA strains, majority \[11 (73.33%)\] were colonizing nurses followed by laboratory technicians \[13.33% (2/15)\] and doctors and ward attendants \[6.66% (1/15) each\] \[[Table 1](#T1){ref-type="table"}\]. However, the differences between these groups were statistically insignificant (*P* \> 0.05). Eight of the 15 (53.3%) MRSA isolates were obtained from HCWs of 21--30 years of age with females constituting 80% (12/15) of the total carriage.

All the 15 strains of MRSA from nasal swabs of HCWs grew on the three selective media (BAO-Blood Agar with oxacillin, MSAO-Mannitol salt agar with oxacillin, and CHROMagar-Selective media for MRSA). However, MSAO and BAO helped in rapid identification (24 h) in comparison to CHROMagar which required 48 h of incubation Moreover, mecA gene was amplified in all these 15 strains (amplicon of 310 bp). Considering PCR as the gold standard, sensitivity and specificity of all the selective media was 100%.

All the 15 MRSA strains were found to be sensitive to vancomycin, teicoplanin, linezolid, and rifampicin. Multidrug resistance was observed in the isolated MRSA strains. Maximum resistance was to co-trimoxazole (93.3%), ciprofloxacin (80%), and erythromycin (66.6%) \[[Table 2](#T2){ref-type="table"}\]. MIC against vancomycin was in the susceptible range (0.5--2ug/ml) \[[Table 3](#T3){ref-type="table"}\]. Although majority (60%) of the strains showed MIC ≤0.5ug/ml, there were 2 (13.33%) strains where the MIC was 2 ug/ml.

###### 

Antibiogram of MRSA isolated in HCWs and outpatients
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###### 

MIC of vancomycin MRSA strains isolated from HCWs and outpatients
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Among the outpatients, nasal carriage of MRSA was observed in 3% (6/200). Four of the six (66.66%) outpatients were males in the age group of 41--50 years and 2 were females in the age group of 51--60 years (33.33%). Similar to the 15 MRSA strains from HCWs, all the 6 strains of MRSA from anterior nares of outpatients also grew on the three selective media and mecA gene was amplified in all of them. Their sensitivity to vancomycin, teicoplanin, linezolid, rifampicin, and gentamicin was 100%. However, it was 66.66% to netilmicin, erythromycin, and clindamycin. There was 66.66% resistance to co-trimoxazole and ciprofloxacin \[[Table 2](#T2){ref-type="table"}\]. MIC against vancomycin was in the range of 0.5--1 ug/ml \[[Table 3](#T3){ref-type="table"}\].

There was 100% correlation between MIC of vancomycin by broth dilution method and Vitek-2 Compact system.

Discussion {#sec1-4}
==========

Although *S. aureus* can colonize multiple body sites (skin, perineum, pharynx, vagina, axilla, and gastrointestinal tract) of the human beings, anterior nares of the nose is the most frequent carriage site for *S. aureus*.\[[@ref12]\] The reported prevalence of nasal carriage of MRSA among HCWs in hospital settings varies between 5.8% and 17.8%.\[[@ref6][@ref13][@ref14]\] In the present study, this carriage rate was 7.5% which is comparable to studies from Turkey and Karnataka (India) from where the reported rates were 6% and 8.3%, respectively.\[[@ref14][@ref15]\] However, studies from Nepal and another state of India (Assam) reported higher prevalence (10% and 11.43%, respectively).\[[@ref16][@ref17]\] In contrast, low prevalence of MRSA (2.32% and 2%) has been observed in an another study from Nepal and South India, respectively.\[[@ref18][@ref19]\] This difference could be because of the variability in the geographical areas, institutions, hospital specialties, and settings within hospital where the studies were conducted. Difference in the design of the study and methods used for detection of MRSA also accounts for the disparity in carriage rate. Some longitudinal studies have shown that the carrier state could be classified as a persistent carrier or an intermittent carrier. This is important to determine this distinction because a persistent carrier has higher bacterial load and have more chances of detection as a carrier and likewise, a known carrier may actually be an intermittent carrier.\[[@ref12]\]

In the present study, higher proportion of MRSA carriage was observed among the nurses (73.3%) as compared to laboratory technicians, doctors, and ward attendants \[[Table 1](#T1){ref-type="table"}\] although the difference between these groups was statistically insignificant (*P* \> 0.05). This is similar to the findings of Kalyani *et al*.\[[@ref20]\] The mechanism leading to MRSA nasal carriage is multifactorial and not properly understood, but higher carriage rate in nurses poses a big epidemiological challenge because nurses are the HCWs who have the highest frequency of contact with the patients and could probably be the reservoir of infection, thus responsible for continuance of the infection in the hospital environment. The prevalence of MRSA in our study was highest in nurses working in the ICU which corroborates with the findings of Golia *et al*.\[[@ref21]\] and indicates the vulnerability of the severely ill and immunocompromised patients to MRSA infections which could further complicate their treatment and chances of survival.

Majority of the MRSA carriers of our study were females which is similar to the finding of Vijaya *et al*.\[[@ref15]\] In contrast, Mathanraj *et al*. and another review study reported male sex as an important risk factor for MRSA colonization.\[[@ref9][@ref12][@ref22]\] However, the role of gender including that of sex hormones in MRSA carriage is controversial and needs further study.

In investigations of outbreaks of infections, laboratory has a key role in identifying the colonized patients and staff. Use of highly efficient selective media is an essential part of rapid isolation of the pathogen and infection control in the hospital. Vijaya *et al*. used mannitol salt agar and CHROMagar simultaneously for isolation of MRSA from the anterior nares and suggested that CHROMagar should not be used as it showed low specificity (95.98%) and positive predictive value (68.49%).\[[@ref15]\] On the other hand, Mathanraj *et al*. found oxacillin blood agar superior to MSAO for the isolation of MRSA.\[[@ref9]\] However, when we compared the performance of the three selective media, they showed the same efficacy for the isolation of MRSA. However, CHROMagar required 48 h of incubation for the isolation of all the 15 MRSA strains. Thus, for the rapid isolation and identification of MRSA, BAO or MSAO was found to be equally efficacious and better than CHROMagar.

In the present study, the MRSA isolates from HCWs showed high degree of resistance to co-trimoxazole, ciprofloxacin, and erythromycin which was 93.3%, 80%, and 66.66%, respectively. Koffi *et al*. reported 40% resistance to co-trimoxazole, 37.5% to fluoroquinolones, and 57.8% to macrolides which confirmed their multiresistant character.\[[@ref22]\] There was 100% susceptibility to vancomycin, teicoplanin, and linezolid in our study which is similar to the findings by Adwan *et al*.\[[@ref23]\] Although MIC of vancomycin was in the susceptible range, 2 (13.33%) isolates showed increased MIC (2 ug/ml). Shashikala reported increase in MIC for vancomycin in 1.2% of the MRSA strains.\[[@ref24]\] This warrants close monitoring of MIC of vancomycin to note a creep in its MIC which could have therapeutic implications and had shown concern over vancomycin heteroresistance in MRSA. Heteroresistant vancomycin-intermediate *S. aureus* (hVISA) is defined as vancomycin susceptible MRSA strain with MIC ≤2 on routine testing that upon subculture produces subcolonies with MIC in the VISA/VRSA range at the frequency ≥1 × 10^6^ according to population analysis profile.\[[@ref15]\] The limitation of the present study was that we could not look into the prevalence of hVISA in our MRSA isolates. The other limitation of the present study is that the sample size is relatively small and carriage rate has been investigated at a single point in time.

To ensure that the data would be applicable on national level, the studies should extend to larger population of HCWs and patients.

Asymptomatic colonized patients are another important source of MRSA in hospital environment. Nasal carriage of 3% was seen in our outpatients which is comparable to studies from India and abroad.\[[@ref9][@ref25]\] However, we are not certain whether these strains were really CA-MRSA as the molecular techniques to know the staphylococcal cassette chromosome mec type (types IV, V-CA-MRSA) or the presence of PVL toxin gene were not studied. All the 6 strains showed high degree of resistance against co-trimoxazole and ciprofloxacin (66.6% each). This is a matter of great concern as it is reflective of indiscriminate use of antimicrobial agents in a large proportion in our community.

In conclusion, MRSA carriage rate observed in the present study, though high, is in agreement with the internationally reported range of 5.8%--17.8% in the hospital settings. In this context, prevention of MRSA infection merits discussion as once introduced into hospital, MRSA spreads widely through the hands of medical personnel, colonized HCWs, asymptomatic nasal/hand carriers who act as reservoir of infection. Multiple, prolonged use of antibiotics and prolonged hospitalization are other important factors which make hospital an ideal place for transmission and perpetuation of MRSA. Therefore, emphasis should be laid on strict implementation of standard infection control practices which would help in minimizing the carriage and transmission of multidrug-resistant MRSA in the hospital. At the same time, more studies should be undertaken to identify effective barrier precautions to limit the spread of MRSA both in the hospital and in the community. Screening of health-care personnel who constitute an important infectious risk for the patients for resistant strains of staphylococcus could be adopted as a protocol to curb the spread of MRSA in the hospital and from hospital to the community. However, it would require screening of large numbers of HCWs before arriving at any definite conclusion.
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